The nitrosation of an active alkyl compound (RCOCH 2 RЈ) with an alkyl nitrite (RЉONO) can be expressed by the following equations [1] [2] [3] :
In this report, the stereochemical reaction mechanisms using two types of TS models during the nitrosation of 1 or 2 with 3 (shown in Eq. 4) were studied using an ab initio molecular orbital (MO) method. Differences in the calculations between the previous and present studies are attributable to: 1) tert-butyl nitrite being used instead of methyl nitrite, 2) following the reaction via TS OPEN during the C-N bond formation process, the subsequent elimination with the base proceeding without the participation of the counter-cation of the base, and 3) during the intrinsic reaction coordinate (IRC) calculations for the elimination process, not fixing the bond and dihedral angles in the geometric parameter of the hydrogen atom, which is attacked by the base catalyst, at 90 degrees.
or 2 3 4 (4)
Experimental Computational Procedures MO calculations were carried out using the Gaussian98 program. 4, 5) The optimized geometries in the TS were initially determined using HF/6-31G, followed by IRC calculations. For the energies of the complexes, calculations were performed using similar methods, MP3/6-31ϩG//HF/6-31G as previously described. [1] [2] [3] The vibrational modes of all transition states were confirmed by frequency analysis.
Results and Discussion
As described in the previous paper, [1] [2] [3] MO calculations for the nitrosation of 1 or 2 were carried out stepwise as shown in Chart 1.
For the C-N bond formation process, the TS CHELATED and TS OPEN models were used. The geometrical and energy calculations of the complexes produced in reaction paths A and B were performed using the orientation of 3 shown in Fig. 1 . Using the IRC method, the geometries of C-I (Na) and C-II (Na) were determined based on that of TS1 (Na) , which was initially determined.
In the elimination process, either hydrogen atom H 1 Ϫ group from 3 and the deprotonation of either the H 1 or H 2 atom of C-II (Na) yields the corresponding oxime. Using IRC calculations, the geometries of C-III Na and C-IV Na were obtained, based on that of TS2 Na . Although IRC calculations were carried out to obtain the geometries of C-III and C-IV from TS2, the transient optimized complexes were not obtained due to the electric repulsion between the CH 3 and O 2 atoms to form a 6-membered ring. The differences between the energies of C-I Na and TS1 Na -A or TS1 Na -B, i.e., the activation energies (E a ) during the C-N bond formation process, are 8.33 kcal mol Ϫ1 or 9.52 kcal mol
Ϫ1
, respectively. As a note, the activation energy of path A is smaller than that of path B. During the transformation of C-I Na to C-II Na , the structure of 1 changes from the enol-to the keto-form, and the hybridization of the C 2 atom changes from sp Comparatively, the geometry of C-II Na -A is more stable than that of C-II Na -B. The bond lengths of N-O 3 of C-II Na -A and C-II Na -B are 1.486 Å and 1.441 Å, respectively. Consequently, between the available paths, path A was more favorable in the C-N bond formation via TS CHELATED . In this process, the oxime was yet to be produced.
The geometries of the complexes during the C-N bond formation process of nitrosation of 1 with tert-butyl nitrite are comparable to those of 1 with methyl nitrite. 1) In the case of tert-butyl nitrite, the bulkiness of the (CH 3 ) 3 C group did not contribute to the regulation of the formation of oxime isomers.
C-N Bond Formation of the Enolate Anion of Acetone with tert-Butyl Nitrite via TS OPEN The optimized geometries, bond lengths (Å), and energies of C-I, TS1, and C-II in paths A and B are shown in Fig. 3 . Due to the electronic repulsion between the O 1 and O 2 atoms, the direction of the coordinates of these O atoms toward the C 2 -N axis is reversed for TS1. Comparatively, the E a of path A is 7.32 kcal mol
and that of path B is 4.98 kcal mol Ϫ1 , in which the reaction via path B occurs more readily than that via path A. As the reaction proceeds from C-I to C-II via TS1, the length of the C The optimized conformations of the complexes in the C-N bond formation process of path B are similar to those of 1 with methyl nitrite.
2) In contrast, the optimized conformations of C-II-A and -B are somewhat different than the corresponding conformations of C-II-A and -B that were calculated with methyl nitrite.
2) Presumably, during the process, the contribution of the bulky (CH 3 ) 3 C group was merely to stabilize the conformation of C-II.
Elimination of Proton and tert-Butoxide in C-II Na -A with a Base The deprotonation of either the H 1 or H 2 atom and the cleavage of the N-O 3 bond in C-II Na -A are both necessary in the formation of the corresponding oxime. It is well known that an E2 reaction occurs readily via an antiperipla- nar geometry, which is defined as leaving groups that lie in the same plane. 6) In the case of C-II Na -A, the two leaving groups, the H 1 atom and the (CH 3 ) 3 CO 3 fragment, are arranged nearly antiperiplanar to each other. Consequently, it is reasonable to propose an elimination model in which the oxygen atom of the CH 3 O Ϫ base approaches the H 1 atom along the axis of the C 2 -H 1 bond. The optimized geometries, bond lengths (Å), and energies of C-III Na -AH 1 , TS2 Na -AH 1 , and C-IV Na -AH 1 are shown in Fig. 4 did not increase in the case of C-IV Na -AH 1 , i.e., the desired oxime was not formed. During this process, in contrast to the elimination process during the nitrosation of 1 with methyl nitrite, the bulkiness of the (CH 3 ) 3 C group contributed to prevent the cleavage of the N-O 3 bond of C-II Na -A. Elimination of Proton and tert-Butoxide in C-II Na -B with a Base In the case of C-II Na -B, the two leaving groups, H 1 (or 2) and (CH 3 ) 3 CO 3 , were not arranged so as to be nearly antiperiplanar to one another. At first, the reaction of , and C-IV Na -BH 2 are shown in Fig. 5 . The frequency mode of TS2 Na -BH 2 shows the transition state during the deprotonation. The energy E a was 1.28 kcal mol Ϫ1 . In the case of C-IV Na -BH 2 , the deprotonation caused the cleavage of the N-O 3 bond to afford 4Z, which is different from the case of the deprotonation of the H 1 atom in C-II Na -B. In a previous study of the mechanism of nitrosation via the "Open-Chain" transition state, the model complex (C-IINa ϩ ), in which counter-cation Na ϩ of the base was coordinated to an oxygen atom, was used as the initial structure for the elimination process. In the present study, initial complexes C-II-A or -B without a counter-cation Na ϩ were used as the modified model for the elimination process, as described below.
Elimination of Proton and tert-Butoxide in C-II-A with a Base
In the case of C-II-A, the H 1 (or 2) atom and the (CH 3 ) 3 CO 3 group were not located in an antiperiplanar arrangement. At first, the transition state for the elimination was decided. The optimized complex TS2-AH 1 was chosen as the transition state of the deprotonation. Calculations for the geometries of C-III-AH 1 and C-IV-AH 1 were carried out using the IRC method. The results using the TS2-AH 1 were not similar to those obtained using TS2 Na -AH Fig. 7 . The desired complex C-IV-AH 2 , which was comprised of oxime 4E, was afforded using IRC calculations. The reaction mechanism via TS2-AH 2 in the formation of 4E was very similar to that via TS2-AH 1 .
Using an aprotic solvent, Z-oxime is predominantly obtained in the nitrosations, in which the counter-cation of the base catalyst contributes greatly to the reaction. On the other hand, E-oxime tends to form for nitrosations using a protic solvent, in which the counter-cation scarcely participates in the reaction. The conformation of the oxime, therefore, is decided by the extent that the counter-cation contributes to the C-N bond formation and the elimination processes of nitrosation.
Elimination of Proton and tert-Butoxide in C-II-B with a Base In the structure of C-II-B, the two leaving groups, 
Conclusion
For complex C-II (Na) , the attack of a base on the H atom of the C 2 atom is necessary for the formation of the corresponding oxime. For the elimination process, deprotonation in the presence of a base resulted predominantly in the cleavage of the N-O 3 bond in C-II (Na) . The results of our studies clarified the influence of the counter-cation of the base catalyst on the conformation of the E-oxime.
Comparisons among the E a values for each path of the C-N bond formation process revealed that path B via TS OPEN kinetically proceeds to easily give E-oxime.
For the nitrosation reactions using modified models, complexes C-II-A or -B that are not coordinated to a Na ϩ 824
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7)
The optimized conformations of each complex in this paper are similar to those of 1 with methyl nitrite. 1, 2) The bulkiness of the (CH 3 ) 3 C group did not greatly influence the E/Z ratio in the nitrosation of 1. The steric effect of the (CH 3 ) 3 C group of 3 on the E/Z ratio was observed for reactions with ketones having bulky substituents such as isovalerophenone 5 (C 6 H 5 COCH 2 CH(CH 3 ) 2 ). Accordingly, MO calculations of the nitrosation of 5 with 3 will be reported at a later date. 
